Abstract The analysis of Wild Cards, potential lowlikelihood but high-impact events, in foresight studies is important in order to counter the tendency of decision makers to deny major surprises. This paper presents the results of an empirical analysis of 14 technological, geopolitical and societal Wild Cards in the transport field, carried out within the EU FP7 project RACE2050. The Wild Cards were elicited through interviews and in brainstorming sessions, and then assessed in an online expert survey. For each Wild Card, experts assessed likelihood in different time-frames, the impact on and vulnerability of different industry segments, the breadth of the effect, and the importance for decision makers to prepare. Some weak signals that may hint at a growing likelihood of certain Wild Cards were also suggested. Results show that the likelihood rises with time. Several Wild Cards reach high likelihood in 2040 or beyond, while the time by which full impact is reached varies. Based on these findings challenges and threats for transport have been identified, pointing to the fact that further research should focus on complex scenario building based on interlinks between ongoing trends and Wild Cards.
Introduction: the concept of wild cards in foresight
No single method can cope with the inherent uncertainties faced by the attempt to examine alternative futures, be it the futures of transport or any other field of human activity. These uncertainties become ever more severe and influential with the accelerated pace of interrelated technological, societal and other changes. The reality is very likely to surprise us, time and again, even when good foresight studies are available on the relevant subject matter. An appropriate mix of different and complementary approaches and methods is needed, which synergistically may better cope with the inherent uncertainties and disruptions. In particular, inclusion of Wild Cards in foresight studies is therefore important in order to challenge the Bconventional wisdom^and the basic assumptions on which forecasts or scenarios are based.
Wild Cards are potential future events with low likelihood of occurrence (at least as currently perceived by most people) but with high impact if they occur [1] . The concept was first introduced in 1992 in a joint study by BIPE Conseil, the Copenhagen Institute for Futures Studies and the Institute for the Future, and at that time it focused mainly on the business arena [2] . Petersen [3] later extended the concept to other areas.
Many past foresight studies have tended to focus on most likely possible futures. This is hardly the best way to anticipate strategic surprises. Experience shows that unexpected events always occur and surprise decision makers. Major surprises are often caused simply by denial (which in turn may be the cause of neglecting and missing relevant weak signals).
Schwartz and Randall [4] stress the importance of using imaginative Bunlikely^scenarios to counter this effect. Hence, the elicitation of potential Wild Cards as part of a foresight study is not just an intellectual exercise in imaginative thinking, but may prove as an essential means of preparedness for critical future surprises. In other words, Wild Cards can be regarded as the ultimate challenge to Bbusiness as usual^scenarios and even to Bbusiness as not so usual^scenarios. Wild Cards may result from planned actions, but sometimes with unplanned consequences, such as technological breakthroughs emerging from scientific research, or from unplanned events, e.g., natural disasters. Their low likelihood (and high impact) implies a significant surprise, but the level of surprise can be subjective. An important concept for increasing the effectiveness of Wild Card analysis is Weak signals. Weak signals are Bprecursor events^or Bearly warnings^, namely slight changes in the current state of affairs or in existing trends that−if observed and correctly interpreted−may hint at a growing likelihood of occurrence of a certain Wild Card. These signals may be unclear, but they may become clearer in time (if monitored) or stronger, perhaps in combination with other signals. Searching for such signals and interpreting them are challenging tasks and an important subject of research in the Foresight field in recent years (see, for example Hiltunen 2006 [5] , Holopainen and Toivonen 2012 [6] ), and advances in this domain may enhance the usefulness of the Wild Cards concept for decision makers. It can be said that whereas identified and forecasted/ conventional trends narrow down the scope of possible futures, Wild Cards (and weak signals hinting to them) broaden it and create new vistas [7] . Nevertheless, it should be noted that Wild Cards are a relatively young research topic in the Foresight literature, with yet challenging questions, such as what is the best way to generate them or to study their diverse impacts.
Growing interest in Wild Cards and weak signals has been reflected, for example, by the EU FP7 project BiKNOW^, probably the first publicly-funded international project that was entirely dedicated to Wild Cards and weak signals 1 including several ones related to transportation.
Wild cards in transport
Within the EU FP7 project RACE2050 novel scenarios for 2030 and 2050 have been constructed about alternative futures of the European transport industries. In parallel to the construction of Bconventional^scenarios, it was decided to consider several potentially surprising and disruptive future developments. Thus, an approach mixing different methods and perspectives was developed combining several steps: 1. Identification of Wild Cards based on literature and experts, 2. Assessment of Wild Cards impact and likelihood by an online expert survey and identification of related Weak Signals, 3. Linking Wild Cards with a classical SWOT analysis to i) exploring additional impact factors for competitiveness and blind spots, ii) providing insights on dynamics of future development due to conflicting impacts of wild cards and iii) identifying potential synergies between Wild Cards and ongoing trends (Fig. 1) .
In the assessment step we aimed at a relatively large group since it is difficult to find experts who are experienced in both transportation and in the use of Wild Cards. 281 experts participated in the survey, which is a relatively large number for expert surveys.
The collection and elicitation of a wide range of Wild Cards was carried out by scanning selected publications, in-depth interviews with subject matter experts and several brainstorming sessions with experts. Besides future oriented publications in journals and consultancy reports results of the EU-FP7 project iKNOW focused on Wild Cards and Weak Signals where considered. Another source was the 'Global Europe 2050' report; a detailed description can be found in Hauptman et al. 2014 [8] .
Based on these activities, fourteen Wild Cards were selected for a subsequent analysis by means of an online expert survey in order to estimate their potential impact and likelihood (in different time-frames), relevance for the European transport sector, competitiveness and related challenges, as described in further detail in the next section. The number of potential Wild Cards can be very large, and for practical reasons only a small subset of them can be assessed by means of an online expert survey. Needless to say, our study does not pretend to be exhaustive and the modest aim of this exploratory exercise was to enrich the thinking process about transportation scenarios. In selecting the small set of 14 Wild Cards for assessment in the expert survey, the following efforts were made: Some topics, rather frequently described in publications and also mentioned in the interviews and brainstorming sessions, may be currently perceived as Bnot so wild^, or as emerging issues rather than Wild Card-for instance, driverless cars. This is related to the expert-based approach; the selection of Wild Cards reflects the perspective and mindset of experts including what they consider as wild. In other words limitation of Wild Cards Bwildness^is based on limited 1 Full name: BInterconnecting knowledge for the early identification of issues, events and developments (e.g., Wild Cards and associated weak signals) shaping and shaking the future of science, technology and innovation in the European Research Area^. For details see http://wiwe.iknowfutures.eu/ iknow-description.
imaginativeness of extreme events in the experts' mind. Following an open scientific-based approach, this needs to be accepted as a result itself. Effort was made to add a somewhat Bwilder^dimension-in the case of driverless cars we added the banning of human driven cars (see the full description of Wild Card No.8). The distinction between Bemerging issuesâ nd BWild Cards^is discussed, for example, in van Rij (2013). The limitations were addressed in later steps whereby Wild Cards were combined with the results of a SWOT analysis, helping to identify systemic aspects of Wild Cards in interaction with ongoing trends as well as overlooked areas, which would need to be further investigated.
Assessment of wild cards impact on transport
The assessment of Wild Cards took place in January and February 2014 in an online survey. For each Wild Card the experts were requested to submit their assessments by answering the following questions: Scale 1 to 5: 1=very low, 2=low, 3=medium, 4=high, 5=very high. b) A Wild Card has by definition a high impact (negative or positive), but the impacts can vary among different industries. Please assess whether the impact will be mostly negative or positive for each industry (aviation, road, rail, maritime, space) c) Please assess the fullest impact of the Wild Card on each transport industry as follows: very low, low, medium, high, very high. d) Every Wild Card brings about change. The change can be sudden (short time till full impact is reached) or rather gradual (longer time will pass till the impact is reached). Please assess the time by which fullest impact after the Wild Card will manifest itself:
Immediate (within 1 year), short term (1 to 3 years), medium term (3 to 7 years), long term (more than 7 years). e) How broad will the effect of this Wild Card be?.
Local (a single city), national (a single country), regional (e.g., Asia, Europe), or global. f) How vulnerable 3 is each transport sector (aviation, road, rail, maritime, space) to the changes wrought by the event?.
Scale 1 to 5: 1=very low vulnerability, 2=low, 3=me-dium, 4=high, 5=very high vulnerability. 2 Note that a Wild Card has by definition low likelihood, hence attributing Bmedium^to Bvery high^likelihood means that strictly speaking the described event is NOT a Wild Card. However, it is possible that the likelihood will change over time, and the event can be a Wild Card in certain timeframe and a likely event in other timeframe. 3 A vulnerable system has difficulty to adapt to change, whereas a resilient system can adapt easily to change g) Importance to for EU decision makers and transport industry managers to prepare for this Wild Card.
(1=not important at all, 2=low importance, 3=medi-um importance, 4=very important, 5=critical). h) Could you suggest some early Bprecursor events^(weak signals) which, if detected, may hint at a growing likelihood of this Wild Card?
Some methodological points should be emphasized regarding the composition of the experts group. The survey reflects the fact that such a study of Wild Cards is indeed exploratory, as pointed out earlier. It also should be noted that such expert surveys usually do not pretend to be statistically representative. In distributing the invitation to participate we aimed at a relatively large audience, since it is rather difficult to find experts experienced in both transportation and in the use of Wild Cards, and to ensure their involvement. 281 experts participated in the survey, which is a relatively large number for expert surveys (the number of responses to each Wild Card was 42 to 69). Figures 2 and 3 present the distributions of respondents by country/region of residence, affiliation and levels of expertise in main transport domains.
The respondents are mainly from the US, Europe and Israel covering a broad region-with a focus on the western world.
However, in our opinion this does not necessarily generate a bias in the results. Several studies address issues of sample size and biases in Delphi surveys, which differ from expert surveys in the procedure of conducting the survey. Hallowell and Gambatese [9] , for example, study these issues and conclude that survey samples can be rather small. Additionally, they address possible biases but country diversity is not one of them. In other words, the fact that China or Japan, for example, is not represented among the respondents should not diminish the quality of the results. We are not really looking for information that can only be addressed (or can be better addressed) by experts from China or Japan. In a broader study with even more participants, a comparison between different countries or world regions could provide valuable insights on cross-cultural aspects influencing perception of the future and transport-related Wild Cards.
Since the concept of Wild Cards is mostly studied at universities and not yet fully used in industry, our first target was academia. This group has a high impact via education and research influencing future perspective and real innovation. Gaining insights into the mindset of this group seemed to provide the key to estimating future challenges and opportunities for the transport sector. Further, additional value was provided by contrasting the industries' setting with a scientific-based perspective. 62 % of the respondents are academic researchers from different discplines. Thus, a broad field of expertise was covered, taking into account that today's transport and mobility issues are covered by researchers from various classical and new disciplines.
Since we could not know in advance the level of expertise of the participants in the topics addressed in the survey, we asked them to self-rate Wild Cards impact. We can see that most of the respondents have some level of expertise (are familiar, knowledgeable or expert) in road transportation (91 %). However, most respondents also have some level of expertise in other areas-55 % in aviation, 75 % in rail transportation, 60 % in maritime transportation, and 26 % in space transportation. We anticipated that experts in road From the methodological point of view it is important to bear in mind that since Wild Cards can be initiated by intentional human action, the likelihood perception (and hence the level of surprise) may be different for the initiators as compared to the unaware or those who oppose [10] . In principle, this fact should be taken into account in selecting survey respondents and in drawing conclusions from their responses. In our opinion in the present survey it is reasonable to assume that the number of possible Binitiators^of Wild Cards (or Bopposers^) is insignificant (if not zero), so that no bias is expected to emerge due to this aspect.
Survey results: impact and likelihood of wild cards in transport
Fourteen Wild Cards were assessed by the experts, including the estimated impact on the different transport sectors, the likelihood of occurrence in different time-frames, and the relevance for decision makers. Experts were also asked to estimate the geographical broadness of the effect of the Wild Cards. It became apparent that Wild Cards expected to have global impact are especially those related to technological change or related to natural resource (use of energy) and political issues (EU-US relations). Only a few Wild Cards, such as slow travel, drones or autonomous cars, were considered to have local or national impact, e.g., due to political regulations (Fig. 4) .
Technology-oriented wild cards, not specific for but with high importance to transport
The likelihood of occurrence of both Wild Cards related to this field, energy abundance and drastic decrease of freight, increases over the next 15 years-although only reaching medium level. Experts estimate the likelihood that two main trends in transport (increasing global freight transport and energy use) will change as low, with tendency to increase to a medium likelihood until 2035 (Fig. 5) . Thus, increasing pressure to reduce transport in order to address climate change, budget issues and scarcity of fossil energy use is not reflected in the assessment of these Wild Cards. If any change is expected, it seems unlikely to occur as one of these Wild Cards.
Drastic Decrease in Freight Transport
This Wild Card was described as: BFreight transport drastically decreases thanks to a widespread use of additive manufacturing (3D printing) and/or molecular manufacturing, which enable local production (at home or nearby)^. A medium importance was estimated for EU decision makers and transport industry managers (see Table 4 , Annex); fundamental structural changes of economy and production appear to be out of scope. Weak signals related to this Wild Card reflect the change of such economic structural change, combined with new production technologies: 
Energy Abundance
BEnergy saving ceases to be a critical factor in transport, thanks to a technology breakthrough (e.g., cheap and efficient extraction of Hydrogen from seawater) or significant cost reduction due to widespread utilization of shale gas and other resources.^Importance for decision makers was seen as medium to high for EU decision makers and medium for the European transport industry managers (see Table 5 
Geopolitical wild cards
The likelihood of occurrence of the geopolitical Wild Cards differs according to the experts' opinion. While the cessation of the EU-US relations seems to be, and will remain, very unlikely for the whole timeframe until 2050, the likelihood of occurrence for mass migration is increasing-at least slightly (Fig. 6 ). The latter became more probable after catastrophes concerning migrants in the Mediterranean Sea in 2015, which raised a political discussion about migration from Africa to Europe (which took place after our survey of 2014). 
Total Cessation of Economic Relations between the US and the EU
BPolitical tensions and conflicts lead to total cessation of economic relations between the US and the EU.^Im-portance for EU decision makers was estimated as medium, for European transport industry managers low (see Table 6 
Mass Migration of People
BMass migration of people into Europe is caused by the effects of global climate change and/or economic pressures. Border controls collapse.^Here there is a medium importance for EU decision makers and transport industry managers (see Table 7 
Technological wild cards specific to transport
According to experts' opinions, the likelihood of most technological transport-related Wild Cards is expected to increase over time-especially drones, Europe-wide traffic control, autonomous cars, and superfast transport, as well as all electric cars (Fig. 7) . Thus, improved, faster versions of already established technologies are expected to appear-while likelihood for more visionary technologies, such as flying cars but also material innovation, seems to be less important.
The Emergence of Drones
BThis Wild Card describes drones as small unmanned air vehicles, which become a major part of the supply chain, and dramatically decrease the delivery cost of light products to relatively short distances.^According to the expert survey, drones occurrence is of medium importance for EU decision makers and transport industry managers (see Table 8 , Annex). Related to this Wild Card are the weak signals in the fields of security and regulation issues-once solved, the likelihood of occurrence should increase:
& Civil aviation authorities and ICAO agree on criteria for safe operation of drones BA digital communication network seamlessly integrates traffic info and creates an efficient, accidentpreventing transport system in Europe, particularly in trans-boundary agglomeration areas; no more traffic jams. The system is adopted in other highly populated and car-intense regions of the world.^The importance for decision makers in the EU and for transport industry managers was seen as very important (see Table 9 Flying cars, at last! BPractical pilotless personal airplanes are developed. Coupled with computerized air traffic control, they lead to safe personal air transport systems that do not require piloting skills and are trusted and commonly used by most citizens, providing a useful alternative to today's private cars.^Importance for EU decision makers was rated as low and for European transport industry managers low to medium (see Table 10 , Annex). The following weak signals were identified in the fields of technology and safety, as well as user and market acceptance:
Autonomous Ground Vehicles Widely Used
BFollowing the assimilation of autonomous vehicles into public use, a new regulation in one or more countries bans the use of human-driven cars in specific areas.^The importance for EU decision makers was estimated as medium, while for European transport industry managers very important (see Table 11 Table 12 
All-Electric Road Transport, Based on Renewable Energy
BAll roads wirelessly propel vehicles, or charge their batteries, as they cruise down the road. Batteries have more energy at the end of the trip than at the beginning. The energy source is solar (solar panels embedded in the road), wind (wind turbines embedded in bridges), or other renewable sources.T he importance for EU decision makers was medium and for European transport industry managers medium to very important (see Table 13 , Annex). The related weak signals are infrastructure, cost of energy and technology issues as well as reaching a critical mass and a tipping point for market penetration: In sum, the analysis shows that technological Wild Cards in transport mainly depend (besides technological development itself) on long-term, structural and regulatory frame conditions, which might block or open a window of opportunity for breakthrough of disruptive events. Especially security related regulations and market related weak signals seem to play a key role.
Societal and behavioural wild cards
In contrast to technological Wild Cards, the likelihood of such in the field of societal change is expected to be low in 2015, with only a slightly increasing tendency (Fig. 8) . Especially ICT abandonment seems to be difficult to imagine, while opposing trends to recent increasing mobility and speed at least reach a medium likelihood level in experts assessment-although only by 2035, which is almost one generation from today.
Slow Travel / Slow Logistics
BThe slow travel movement becomes mainstream (alongside similar movements like Bslow food^), because of environmental concerns plus a counterreaction to the stress of modern life. Moreover, consumers are willing to wait longer for delivery of goods, in order to reduce environmental costs.^Experts stated a medium importance of this Wild Card for EU decision makers and transport industry managers (see also 
Massive Abandonment of ICT-based Systems
BMassive abandonment of ICT-based systems (e.g., Intelligent Transport Systems, Internet of Things, connected cars, autonomous vehicles…), due to frequent successful cyber-attacks and privacy intrusions.^While importance for EU decision makers was assumed as medium, this Wild Card might be very important for European transport industry managers. Experts see a high impact of ICT-Abandonment especially on aviation and road, and medium on rail and maritime (see also 
Drastic Decrease in Passenger Transport
BThe need for physical travel drastically decreases, thanks to wide use of information and communication technologies, which include virtual reality, tele-working, tele-education, tele-medicine, virtual tourism, tele-shopping, etc.BA medium importance of this Wild Card was assumed for EU decision makers and transport industry managers (see also The meaning of wild cards in transport
Challenges and opportunities related to wild cards
In a next step, the Wild Cards were linked to opportunities and threats identified by a SWOT analysis for the competitiveness of the European transport sector. Based on statistical indicators and desk research on the situation of the European transport sector in a global comparison, SWOT aspects were deduced. The SWOT was based on indicators measuring competitiveness of the European transport sector in a global context. Trade, exports, GDP and also indicators allowing to compare energy efficiency, as a crucial factor for the transport industry, such as consumption of energy and use of renewable energy were used to identify strengths and weaknesses. Besides this the development of specific industries, e.g., production of the automotive industry, revenue in aviation or market growth of rail industry, to name only a few, were analyzed related to political frame conditions. The identified SWOT aspects were rated in an online expert survey in order to assess results and to identify threats and opportunities reflecting the mind set and basis for strategic decisions of experts in the transport sector. Linking the results of the SWOT, as a more traditional approach for developing future scenarios, with Wild Cards allowed the identification of additional critical aspects for business strategies of both enterprises for different transport sectors and for policy.
SWOT results were linked with Wild Cards based on the key question BWhich threats/opportunities might come up with certain Wild Cards?^Based on this, given SWOT elements were questioned and additional ones appeared. Autonomous vehicles, for example, might stimulate establishing safety technologies and thus support the development of this opportunity. On the other hand, safety demand might push distribution of autonomous cars if they ensured a higher degree of safety. Table 1 shows the linkage of some Wild Cards to opportunities: for example the Wild Card Ball-electric road transport^provides the opportunity to developing new sustainable technology solutions for mobility-thus, the establishment of electric road transport could be interpreted as realized opportunities of involved industries. Further, Bsuperfast ground transport^as well as BEurope-wide traffic-control system^Wild Cards are rated as likely and are linked to the opportunities of mass transit systems and harmonization of technical standards in Europe. These aspects describe a field which may be worthy of further observation when searching for new business opportunities to strengthen competitiveness.
None of the Wild Cards can be linked to opportunities related to aspects of market restructuring and industries transformation. Thus, identified Wild Cards would not support the disappearance of traditional borders in the transport market, European product quality or adaptability to Asian markets. One reason might be the rather technological or political focus of Wild Cards-while economy related Wild Cards were not mentioned by the experts.
On the side of threats, only one Wild Card is linked to a threat, the one of road pricing, as it might reduce the market share of vehicles in urban areas. Again, there are no Wild Cards related to aspects of market shifts; experts seem not to consider this field equally important to technological or political aspects. Thus, Wild Cards, disruptive events or unexpected developments which might bring up certain threats due to market shifts may be overlooked-although they might be of greater relevance then unexpected events in other fields. Thus, there is a need to raise awareness of economic and market related Wild Cards. Also additional analysis in this field is recommended. Especially where identified Wild Cards can not be linked to threats and opportunities or the other way around, blind spots in the experts perspective are likely to be the reason.
Conflicting impacts of wild cards
The character of Wild Cards results in specific uncertainties which have to be dealt with when using Wild Cards to create a future perspective. Being disruptive low-likelihood high-impact events, Wild Cards oppose or contradict established forecasts and trends that are perceived as Blikely^. They represent by definition conflicts that challenge current knowledge about existing trends and likely developments. Moreover, their impacts on competition can be conflicting and ambiguous-positive or negative.
Indeed, as our expert survey shows, several Wild Cards are likely to have conflicting inter-and intra-sectorial impacts if they occur: a positive impact on a certain transport sector and a negative impact on another sector, or both positive and negative (mixed) impacts on the same sector. Such conflicts, that may represent specific challenges, can be identified to derive implications from challenges for the transport sector and should thus be carefully monitored. The following examples illustrate the relevance of potential interdependencies: & Related to Drones, the first regulations for commercial use have been developed, increasing the likelihood of implementation. The US Federal Aviation Administration (FAA) has taken first steps to develop regulations for licensing and use of commercial drones. The European Commission has recently started to regulate the operations of civil drones, aiming to allow the European industry to become a global leader in this emerging market. The EC regards drones as a key to the future competitiveness of the European aeronautics industry (10 % of the aviation market in the next decade, according to some estimates). 4 Such a low-cost and easily available alternative for product delivery may challenge traditional means and create new opportunities, while alleviating much road transport and road congestion. Although it is certain that drones would impact all sectors, it is less clear whether they would lead to low-cost delivery and/or decreased road transport. Effects will depend on consumers' demand and on business development of related industries. The challenge for industries will be to identify market needs, opportunities and threats early on and to modify their own business models according to this. & A Drastic Decrease in Freight Transport could be an effect of 3D-based local manufacturing (and advancements in the future Nano-molecular manufacturing)-while in return 3D-printing comes with the need of raw material transport. This Wild Card challenges well-established forecasts concerning the significant increase in goods traffic over the coming decades and will affect all transport sectors, especially road transport. 3D printing technology could pose a significant threat to the global transport industry because it may lead to a reversal of the trend of globalization which has benefited most transport sectors, as vast quantities of consumer goods are moved internationally to Western markets from the Far East. However, as is the case with all disruptive developments, it also will offer new opportunities. 5 In the foreseeable future there will still be a need for material supply. Hence, a major new sector of the logistics industry could emerge, specializing in the storage, transport and supply of the raw materials necessary to Bfeed^the proliferating 3D printers. In addition, looking to the more distant future, one can envision another technological breakthrough (another potential Wild Card?) that, in turn, may threaten this new sector. Enabling affordable local recycling of waste into particles useful for 3D printing might eliminate the need for materials supply. Effects will depend on the kind of materials and their sources, as well as on market acceptance of printed products. & In case of virtualization and ICT Solutions positive and negative impacts are likely for all industries; especially road will be affected. This Wild Card might decrease the need for transport or lead to a more balanced distribution of traffic over the day, diminishing peak-hours traffic. Reduced roadway demand will have a negative impact on relevant transport providers but could be positive from the environmental and economic perspective due to less need for maintenance. Airlines may be able to focus more on high-value and high-yielding cargo. A decline in peak hour usage of roads and passenger railways would allow for a more even distribution of loads, reducing the need for further investments in capacity. On the other hand, enhanced opportunities would open up for the relevant ICT sector, with the increased demand for novel applications that provide useful substitution for physical travel. Virtual travel may become the emerging or even dominant transport industry with new business models arising. Even if significant physical travel continues, a likely synergy could emerge between ICTs that support virtual travel and the ICTs that support intelligent (physical) transport, including autonomous vehicles. To face decreased mobility demand, all transport industries would need to adapt investments, infrastructure building and demand management to remain competitive. & The technology of Autonomous Vehicles is no longer a Wild Card. It is maturing, major vehicle in which manufacturers are making progress, and new players such as Google and Tesla may have a great impact on this. It is, however, also important to note that there are different levels of autonomy-Bautonomous^is not necessarily Bdriverless^. In our Wild Card, the vehicles are driverless and driving by humans is forbidden, at least in certain areas. The implications could include more use of public transport, and blurring the distinction between rail and road; Broad trains^of autonomous vehicles might compete with railways. The effects of autonomous vehicles will depend on the way they will be used. Substituting conventional private cars might increase car use, if traffic flow could be optimized and traveling comfort could be increased for (non-) drivers. If autonomous vehicles are integrated in multi-modal transport systems they might improve seamless mobility by public transport and increased attractiveness; competitiveness of the car-industry would then rely on innovative capacity. & Challenges and competitive pressure from Superfast Ground Transport would arise for high-speed-trains, while still providing new opportunities for the rail industry. Effects depend on political strategies, which set the agenda in infrastructure investments. Large-scale implementation requires huge investment in the currently non-existent infrastructure: this is a big barrier, but also a big opportunity. The impact on aviation could be more negative than positive, due to likely competition with significant parts of the air transport, in particular in-country, longdistance flights. These effects might be compensated if, in parallel, the trend of fast speed would continue in certain industry sectors or population groups. One of the implications could be shifting from air transport of people and freight to maritime, and a shift from road to rail-for the environmental benefits rather than Bslowness^. However, as pointed out by one expert, there could also be some positive impacts on aviation, because in many areas the capacity is constrained and less demand would free up capacity and reduce the need to invest in expanding capacity. Reduced trucking needs on roads may imply negative impact on the trucking providers, and positive impacts as seen from a different angle: reduced congestion and pollution, more sustainability.
Synergies between wild cards and ongoing trends
Although Wild Cards are defined as events of low likelihood, they are linked to ongoing trends as they are based on expert opinion and thus reflect their associations for the future based on knowledge, experience and observation of cutting edge developments . Thus, in some cases Wild Cards represent extreme versions of currently known possible forecasts, e.g., a technological breakthrough that may drastically accelerate a process that is currently slow and incremental. These links allow the identification of potential synergies, which can be used to coordinate innovation support, support decision making in policy and economy, as well as to develop business and political strategies. An EU Traffic-Control System was rated as a high likelihood and impact event by experts, could optimize the transport system and thus have a synergetic positive effect, especially for roads. Technologies such as V2I, V2I, ITS and similar already pave the way towards its realization. The participating experts in our expert survey regard it as very important for EU decision makers, as well as for European transport industry managers. However, one expert remarked that the impact on road transport could be unpredictable, as such a system would be based on assumptions about Bexpected behavior^, and past experience shows that behavior may adapt in unexpected ways.
In the field of materials progress super-strong Materials and Self-Healing Capabilities e.g., based on Carbon Nanotubes or Graphene could support the lightweight vehicle development and also support sustainable mobility. Also, the ongoing EU project IASS is concerned with improving aircraft safety by self-healing structure and protecting nanofillers. 6 Such a development is synergistic with all the existing efforts to develop stronger, but lighter and safer, vehicles with less energy needs and less costly maintenance. Another synergy lies in the fact that self-healing materials will have a great impact not only on vehicles but also on infrastructures: bridges, roads, tunnels could become self-healing and less maintenance demanding. Positive impact in all transport sectors can be expected.
The breakthrough of Electric Vehicles is synergic with recent developments in this field. A large-scale development would be the next big step for all-electric vehicles, eliminating the barrier of charging with positive impact on road transport as well as on the environment. There are already limited demonstration projects in this direction (mainly buses) in several countries. For example, in Europe Volvo and the Swedish Transport Administration have begin to study the potential for building electric roads, and a small scale test is planned in Gothenburg during 2015 7 - but not yet using renewable energy. The ambitious US startup BSolar Roadways^is struggling to overcome technological and financial hurdles-and much skepticism and criticism-yet its future is uncertain. Related to this in the field of energy, efforts toward increasing energyefficient transport could lead to energy abundance-likewise supporting sustainable mobility.
The Wild Card of Energy Abundance is synergic with the existing and foreseen efforts to advance more energy-efficient transport. Nevertheless, there could be unexpected implications in different sectors, including shifts of demand between different sectors. Being more flexible, road freight could better compete with rail if the energy price becomes non-issue. Similarly, air freight could better compete with maritime. On the other hand, such a development could mean more congestion and negative environmental consequences, and could halt the efforts to develop new technologies for environmentally friendly transport.
Summary and conclusions
In the process of constructing future scenarios and strategies in transport it is important to challenge the Bconventional wisdom^and to encourage the discussion on potential Wild 6 http://www.iass-project.eu 7 The Volvo Group studies potential to test electric roads in a city, May 2014, www.volvogroup.com/group/global/en-gb/_ layouts/CWP.Internet.VolvoCom/NewsItem.aspx?News. ItemId=147298&News.Language=en-gb Cards-low likelihood but high impact future events. To be useful for decision makers, it is necessary to assess various aspects of these Wild Cards, and to identify related weak signals, which may indicate the growing likelihood of such events. In the present study, an approach for using Wild Cards in research was developed using different methods and perspectives by combining Wild Cards with a classical SWOT analysis and ongoing trends.
Fourteen Wild Cards of various types (technological, geopolitical and societal/behavioral) were identified and assessed by experts in terms of their likelihood of occurrence in different time-frames, the impact on different industry segments (including the time by which full impact is reached), the breadth of the effect (from local to global), the vulnerability of each industry sector to the event, the importance for decision makers, and related weak signals. The main results of the Wild Card assessment are summarized in Table 2 below.
The main observations from the detailed results of the survey can be summarized as follows. All the studied Wild Cards were found to be relevant by the experts in terms of their potential impact on the transport industries, the breadth of their effect and the vulnerability of the various industry segments. Based on the median of the experts' responses, 12 Wild Cards will have Bhigh^or Bvery high^impact on at least one industry segment, if they occur. For only two Wild Cards the fullest impact, on at least one industry segment, is Bmedium^. The time by which the full impact is reached varies among the Wild Cards.
The likelihood of the Wild Cards occurring at present or in the near term (before 2020) is perceived as very low or lowcorresponding to the formal definition of Wild Card. Nevertheless, the likelihood of most of the Wild Cards rises with time, and some of them reach high likelihood in 2040 or beyond, as summarized in Table 3 .
Some Wild Cards, such as Superfast Ground Transport or Europe-Wide Traffic-Control System were considered as likely if harmonization of technical standards in Europe is given. For many Wild Cards ambiguous impact was stated. The occurrence and impact will depend on frame conditions. In this context some key aspects were identified: political decisions, market development and especially user reaction, behavior and acceptance. These aspects need to be further observed when searching for new business opportunities to strengthen competitiveness. From a methodological point of view, linking the identified Wild Cards with the Bhuman factor^, e.g., by field experiments or in living labs, could provide further information to fill the gap of knowledge concerning the direction of impact of certain Wild Cards.
The combination of Wild Cards assessment with results of a SWOT analysis for competitiveness of the transport sector disclosed blind spots in experts' awareness of disruptive future events. Especially economic and market events may be overlooked (including opportunities and threats coming with them) while impact and relevance of technologies is considered high. Although additional testing and assessment is necessary, the approach was useful to shed light on synergies of different impact factors relevant for the future and their interdependencies. This might help to better integrate dynamics of systemic change in a future perspective. The approach could especially support business strategies, research and business development. By integrating disruptive events described by Wild Cards and Weak Signals with future trends and SWOT elements, dynamics of the future are considered in a more systematic way and with a broader horizon.
Based on the results, a scenario development linking Wild Cards with each other and to ongoing social, economic and political trends could be a next step to develop a future perspective for transport. The occurrence of some of the Wild Cards might not only challenge our wisdom, as stated previously, but also challenge our non-wisdom in the field of mobility. Some Wild Cards lead to the conclusion that physical mobility might change towards virtual mobility, at least to a certain degree. This shift might occur without being realized by consumers-if, for example, local 3D-printing substituted freight transport leading to subsistence economy 2.0. A development of this kind would also lead to a reorientation towards the local in other fields of economic and social life. A hybrid economy and society with revived local community life and virtualized (home) work combined with global contacts, and business relations supported by new technologies could result. In this world, mobility would play a different role-with a transport system rather used for special opportunities than for daily commuting leading to a paradigm shift affecting society, markets, as well as the competitive situations for the transport industries. 
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